Bat populations are known to be affected by anthropogenic activities because bats are an extremely diverse group occupying almost all available niches in terrestrial environment.
44 Introduction 45 Most bat species produce ultrasound for orientation, navigation and hunting prey (Adams 46 and Pedersen 2013). Bats emit a signal (pulse) of a certain frequency and then perceive the 47 reflected signal (echo) which returns after hitting a target or surrounding objects in the 48 environment (Schnitzler and Kalko 2001; Fenton 2003; Adams and Pedersen 2013). These 49 ultrasounds produced by bats are known as echolocation calls and have co-evolved over time 135 Each recording had lasted four minutes. To carry out call analyses, the recordings had to 136 be cut into 15-second intervals using Kaleidoscope, as the automatic identification software can 137 only process files with a maximum duration of 15-seconds. A total of 49,783 WAVE files were 138 extracted and again processed using the same software to filter out empty files. Finally, the 139 remaining number of recordings added up to 3,465 15-second duration files. 140 Automated identification of recordings 141 For the automated identification, the 3,465 15-second duration files were analyzed using 142 SonoChiro v.3.0 (Biotope, France www.biotope.fr) and Kaleidoscope Pro 3.14B (Wildlife 143 Acoustics, U.S.A; www.wildlifeacoustics.com). The settings used were: for SonoChiro -type of 144 recorder (SM2 Bat), region (Amazonian basin), time expansion (x1), maximum call duration 145 (0.5), sensitivity (7), for Kaleidoscope Pro -filter noise files (keep noise files), signal of interest 146 (8-120kHz, 2-500ms, minimum two calls), classifiers (Neotropical bats), (0 Neutral sensitivity). 147 The sensitivity scale of SonoChiro ranges from 10 to 0 and that of Kaleidoscope is +1 to -1. 148 They are calculated differently but essentially range between giving results for low quality pulses 149 (more sensitive) and only high-quality pulses (more accurate). The output generated by the two 150 automated programs is expected to show group and species level identifications. The 151 identifications that may not be attempted result in "parasi" (SonoChiro), "no ID" or "Noise" 152 (Kaleidoscope Pro). 153 Manual identification of recordings 154 The identifications were made manually on 44% of the recordings used for automated 155 identifications (1506 WAVE files) using Avisoft SASLab Pro (Specht 2004). The spectrogram 158 time resolution of the pulse or sequence in the spectrogram. Frequencies below 10kHz were 159 filtered out using noise filter for better identification. The recordings attempted to be manually 160 identified required at least three clear pulses and any overlapping pulses were discarded to avoid 161 any bias. The parameters that were observed and tabulated to identify the calls up to species level 162 were: i) average call duration of at least three pulses; ii) number of harmonics and maximum 163 energy harmonic; iii) number of call types; iv) pulse structure (FM, CF or qCF); v) frequency of 164 maximum intensity (FME); vi) maximum frequency (Fmax); vii) minimum frequency (Fmin); 165 viii) bandwidth (BW); and ix) inter-pulse interval (IPI) (Figure 1) . Some additional parameters 166 were measured when required, such as initial frequency (F intial ), end frequency (F end ) and 167 individual parameters of different call types. The identification was done using an Illustrated 168 identification key to the calls of Brazilian bats (Arias-Aguilar et al. submitted).
169 Statistical analysis 170 The data compiled for statistical analysis included family, genus and species level 171 identifications for the automated programs (SonoChiro and Kaleidoscope Pro) and manual 172 identifications. The agreement between the three sets of identifications for each of the levels 173 (family, genus and species) was tested using the inter-rater reliability Fleiss's kappa statistic 174 (Dunn 1992). Further, the manual identifications were assumed as true identifications and the 175 number of correctly identified recordings were recorded for each of the automated software. 176 Overall difference in proportion of correctly identified files at each level (species, genus and 177 family) between the two automated programs was computed using Chi-squared tests. True 178 positives, false positives, true negatives and false negatives for each species were calculated for 179 SonoChiro and Kaleidoscope Pro. True positives of each software were all the identifications of 180 a species matched with manual identifications. False positives were those where the presence of 181 species was identified incorrectly by the software while false negatives were those where the 182 species was present but not perceived by the software. True negatives were calculated by 183 accounting for all the recordings where other species were identified. 184 
Results

185
A total of 643 and 274 WAVE files were not identified by the automated programs and 186 manually by an expert, respectively. Therefore, these were removed, and the remaining 602 187 WAVE files were used for the further analyses. (Figure 2) . 196 197 There was a significant difference between the proportion of correctly identified recordings by 198 two automated programs at the species level (X 2 = 280.54, df =1, p <0.05) and family level (X 2 = 199 20.917, df =1, p <0.05) (Figure 3) . The percentage of correctly identified species by SonoChiro 200 and Kaleidoscope Pro was 5%. At the family level, 77% of the recordings were correctly 201 identified by SonoChiro and 65% was correctly identified by Kaleidoscope Pro. There was no 202 significant difference between the proportions of correctly identified files by the two automated 203 programs at the genus level (X2 = 1.608, df =1, p >0.05). The percentage of correctly identified 204 genera was 48% for SonoChiro and 52% for Kaleidoscope Pro. 205 Correctly and misidentified species by automated software 206 In The low agreement between the three different methods, two automated and one manual, 225 for species identification raises a concern about the reliability of automated species identification 226 for bat monitoring and studies in the neotropics. Bats, unlike birds and other echolocating 227 ). An advantage of using automated 263 identifications is that the results can be combined, and a quantifiable uncertainty can be 264 accounted for by using statistical methods (Russo and Voigt 2016) 265 Intraspecific variation and interspecific overlap 266 Although, SonoChiro showed discrepancies when compared to manual identification, 267 there was a gradual improvement from species to genus to family level identifications. 268 Kaleidoscope could correctly identify more species than SonoChiro, but it only gives species Misidentifications may also be explained by interspecific overlap in call parameters. 319 Interspecific overlap tends to occur amongst species that occupy similar ecological niches 320 (Schnitzler and Kalko 2001) because they adopt similar call designs to navigate and forage in 321 similar environments. 322 Classifiers used by automated software 323 Considering the intra and interspecific variation as one of the major source of 324 misidentification, it would be appropriate to suggest that the classifiers used by the automated 325 programs might not be reliable. They might not include calls from different region or habitat 326 types which account for the variability discussed above. Also, they could be missing certain 327 species that are not found in the region from where the reference calls were collected. For 
Comparison of the proportion of correctly identified files
Figure 1
Typical spectrogram view of the echolocation call of Pteronotus parnelli
The y-axis is frequency in kilohertz and x-axis is time in seconds. The color scale represents the amplitude of sound in decibels (dB). The call parameters indicated are: maximum frequency (Fmax), minimum frequency (Fmin), frequency of maximum energy (FME), time duration (t), inter-pulse interval (IPI) and harmonics (HF, H2, H3, H4).
Figure 2
Stacked bar chart showing the level of agreement for species (κ=0.145, 23 agree, 579 disagree), genus (κ=0.326, 89 agree, 513 disagree) and family level (κ=0.456, 285 agree, 317 disagree). The y-axis represents the number of files analyzed.
Figure 3
Stacked bar chart indicating the proportion of correctly identified files for each software.
For Kaleidoscope, species = 48%, genus = 52%, family = 65% and for SonoChiro, species= 5%, genus=48% and family=77%. The y-axis shows the number of files and the x-axis is the two-automated software True positives, false positives, true negatives and false negatives compared to the total number of manual identifications for each of the species.
